INTRODUCTION
demonstrated that present-day consumers have an intense interest in health, especially as related to food consumption patterns and specifically to intake of meat. This has taken two courses which have impacted enormously on the meat industry.
First, there has developed an insistence on absolute or 100% safety for foods consumed.
Obviously, as this goal is approached, the cost becomes prohibitive. Johnson (1989) has reiterated in detail the microbiological issues associated with meat. The problems associated with Salmonella spp and Listeria monocytogenes have been especially troublesome.
More recently the organism E. coli 0157:H7 has been of great concern, and Potter and Griffen (1983) have explained the epidemiological consequences.
The industry has dealt with microbiological problems (Lahr, 1996) by constantly improving control and prevention systems, and examination of technologies such as irradiation, carcass rinses and steam vacuuming.
A total revision of the meat inspection system in the USA has been proposed (Federal Register, 1996) . Second, as explained by Kritchevsky (1994) , there has developed an enormous concern that certain dietary patterns are related to the insidious, long-term development of coronary heart disease and cancer. This concern impacts on the topic of this paper--cured meats. Two components of cured meat have come under withering attack. They are fat and nitrite. The distress about fat has been its possible association with diseases of the heart and circulatory system and also with a propensity for some forms of cancer. The result has been increased interest in and movement toward a more vegetarian type of diet, and the development and marketing of an entirely new generation of low-fat meat products. The nervousness about nitrite has centered on the potential link to cancer, and will be explained later in this paper.
PROPERTIES OF MODERN CURED MEATS
The usual process for manufacture of a cured meat is to incorporate salt, nitrite, a reducing agent (such as ascorbate)
and other ingredients such as seasonings (Kramlich et al., 1973) . The meat is heat processed (often with smoke) to a pasteurizing temperature, and then, frequently, packaged in a vacuum package. The result is a meat product with a characteristic pink color and specific flavor. Because of the curing ingredients, the heat processing and the usual use of vacuum packaging, the product will maintain freshness and safety for several weeks, assuming a proper refrigeration chain. Composition of cured meats, especially emulsion products such as wieners and bologna, has changed greatly in the past decade (Cassens, 1997) . The changes have been driven by consumer demand for low-fat products. While the allowable fat content of these products is basically 30%, they have been altered so that products containing 1 to 5% are now commonly available. The fat content of fresh meat has also been lowered by production practices (McLarin & Schultz, 1992 ) and retail trimming. Buege et al. (1990) surveyed the composition of retail pork cuts and compared the results with data given in Handbook S-10 (USDA, 1983). They found, for example, that the mean fat content of raw separable lean from pork loin chops was 5 grams of fat per 100 grams of separable lean compared to 7.2 grams from Handbook 8-10. 561 Miller (1993) studied the acceptability of low-fat meat products and found palatability of low-fat products was a problem area. Since fat provides a flavor component as well as a lubrication effect in regard to mouth feel, the reduction of fat level, especially if it is a drastic reduction, results in a perceivable change in flavor. Moreover, because the fat (removed in lowfat products) is replaced with water, the result is a softer texture.
If the additional water is not satisfactorily bound, purge results, giving an unsightly appearance to the package (Keeton, 1994) .
Several authors (Mandigo, 1991; Mandigo & Eilert, 1994; Eilert et al., 1993) (Cassens, 1997) . The conditions are:
the meat block (component or amount) has been reduced substantially in some products and may contain poultry, and the ingoing amount of nitrite is based on the meat block; a larger amount and greater variety of flavoring agents is being used; some rather unusual components such as gums, plant proteins and high-connective-tissue meats are being used.
The question of interest regarding these substantial changes which have occurred in cured meats is how they have impacted on the chemistry of the nitrite used for curing. Little fundamental research has been done on this new generation of cured meats.
KNOWLEDGE OF CURING MEAT WITH NITRITE
For recent complete accounts of the process and outcome of nitrite curing of meat see Cassens (1990 Cassens ( , 1995a . While the use of nitrite and nitrate to cure meat is traced to antiquity, the process has been regulated in the USA, by the United States Department of Agriculture (USDA) since the early 1900s. Sodium nitrite is allowed to be added at a maximum of 156 ppm (l/4 ounce or 7 g per 100 pounds of meat). In current practice, nitrate is rarely used, and the maximum allowable amount of a reducing agent (ascorbate or erythorbate) is normally employed.
The amount of nitrite used in practice may be less than the maximum allowed. Residual nitrite is the amount analytically detectable in the product and is considerably lower than the amount added (since it is reacted with or bound to constituents of the meat).
Curing results in a characteristic pink color (Fox, 1987) as well as distinct flavor and texture, which are well recognized by consumers (Cross & Ziegler, 1965; Cho & Bratzler, 1970) . Importantly, a microbiological preservative effect is also achieved, and specific protection is provided against Clostridium botufinum (Perigo et al., 1967) . This is especially important because many cured meats are in vacuum packages and the organism is an anaerobe.
Nitrite is a reactive chemical and must be used with caution. It is lethal to humans in a dose of approximately 1 g (Fassett, 1973) . It acts as a nitrosating agent and under appropriate conditions produces nitroso compounds, some of which are specific and potent carcinogens. Nitrite is converted to nitric oxide, an active nitrosating agent which can react with secondary amines to form carcinogenic nitrosamines. During the 1970s the safety of cured meats was strongly debated (see Krol & Tinbergen, 1974) . At issue was the question if preformed nitrosamines were present at all or at levels of concern and if the known levels of residual nitrite represented a risk to human health. The potential problem was recognized and dealt with by the meat processing industry. The use of nitrate was essentially eliminated, the levels of nitrite used were lowered and much tighter control of manufacturing processes was instituted. Ascorbate and erythorbate were used at maximum levels to inhibit formation of nitrosamines, and a nitrosamine monitoring program for bacon was commenced by USDA.
The National Academy of Sciences (NAS) studied the problem and issued two reports (National Academy of Sciences, 1981 Sciences, , 1982 . The reports were a complete compilation of available information. Recommendations were made for minimizing any potential risk, and suggestions were made for future work. In view of the reports and the changes which had been made by the industry, it seemed that the perceived problem had been more or less solved.
But now, fifteen years later, concern has resurfaced. It was reported in the news media (Maugh, 1994) that-'Children who eat more than 12 hot dogs per month have nine times the normal risk of developing childhood leukemia'.
The claim was based on an epidemiological paper entitled 'Processed meats and risk of childhood leukemia (California, USA)' (Peters et al., 1994) . In order that a conclusion can be drawn about the seriousness of this potential risk, a summation follows regarding current and applicable knowledge about sources of nitroso compounds and the role of cured meats.
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METABOLISM AND PHYSIOLOGY
A complex situation is presented when nitrite and/or nitrate are ingested. The ingestion is usually associated with meals or drinking and is not a continuous type of infusion, there are species differences and the role of bacterial infection can be strong. The following pathway is now well-established for humans (Schuddeboom, 1993; NAS, 1981) . Ingested nitrate is absorbed rapidly from the upper gastrointestinal tract, and the majority of it is eliminated in the urine. The average half-life for urinary elimination of nitrate is about 5 h. Ingested nitrite may react with other substances in the gastrointestinal tract or, if it is absorbed into the circulatory system it is oxidized rather rapidly to nitrate. Nitrite in the blood may oxidize haemaglobin to methaemaglobin, thereby reducing or destroying the oxygen carrying ability.
Of great interest is the fact that a portion of the nitrate in the circulatory system is secreted by the salivary glands in humans but not in rats (Tannenbaum et al., 1974) . The microbial flora of the oral cavity can reduce nitrate to nitrite, which is then consumed by swallowing.
The process is apparently dose dependent. On a quantitative basis, the nitrate secreted by the salivary glands is about 25% of the nitrate ingested. About 20% of the salivary nitrate is reduced to nitrite. Therefore, about 5% of ingested nitrate is actually reduced to nitrite in the saliva and reconsumed as nitrite. Another process of considerable significance is the endogenous synthesis of nitrate and nitrite in humans. A great deal of scientific effort was expended to reveal the situation, and especially the importance of synthesis within mammalian tissue as opposed to heterotrophic bacterial nitrification.
It was established that endogenous synthesis of nitrogen oxides from reduced (e.g. ammonium)
nitrogen in humans and other animals arose from mammalian and not bacterial origin. It is now known that the mechanism of this reaction is the enzymatic conversion of L-arginine to nitric oxide and that the nitric oxide may be converted to nitrite and nitrate and be excreted (see, for example Tannenbaum in Gongalli et al., 1994; Green et al., 1981; Leaf et al., 1989) .
SOURCES OF NITRITE, NITRATE AND N-NITROSO COMPOUNDS
In order to control intake of these compounds by humans, the sources must be identified and understood. The importance of establishing baselines and conducting periodic tracking studies is obvious. Much current interest is focused on fertilizer use and the subsequent exposure of humans to nitrate from drinking water and certain leafy green or root vegetables. Exposure to nitrogen compounds in the environment is also of concern. The National Academy of Sciences (1981) concluded that of dietary nitrite intake, 39% was from cured meat, 34% was from baked goods and cereals and 16% was from vegetables.
Hill (1991) published a review composed of several papers from various experts. A major overall conclusion was that nitrate in drinking water various enormously and is of great concern in some instances. A great amount of current data is provided by Schuddeboom (1993) in a work entitled 'Nitrates And Nitrites In Foodstuffs'.
The exposure to nitrite from intake of foods preserved with nitrite is low, but the intake of nitrate from drinking water may contribute considerably to the total body burden. Cornee et al. (1992) published information about French food products.
The average daily nitrate intake per person per day was 121 mg with 85% from vegetables, 5% from preserved and cured meat and 5% from cereal products. The average nitrite intake per person per day was 1.88 mg with vegetables supplying 43%, cured meat 28% and cereals 16%. Knight et al. (1987) of the UK found there was a mean intake from food of about 95 mg of nitrate and 1.4 mg of nitrite. Vegetables constituted over 90% of the nitrate intake and cured meats 65% of the nitrite intake. Drinking water added about another 13.5 mg of nitrate to the daily intake. Gangolli et al. (1994) have published a risk assessment for nitrate, nitrite and N-nitroso compounds as encountered in the human diet. Vegetables constitute a major source of nitrate providing more than 85% of the average daily human dietary intake. NAS (1981) reported the nitrate content (mg/kg fresh weight) as 2600 for beets, 1500 for celery and 1700 for lettuce.
There are recent results for residual nitrite content of cured meats in the USA. Cassens (1995b) found residual nitrite in retail product as 7 ppm for bacon, 6 ppm for sliced ham and 4 ppm for hot dogs. In a larger survey involving nearly 100 retail samples of cured meats from various manufacturers, the preliminary result for overall mean of residual nitrite was 10 ppm (Cassens, 1996) . White (1975) used an average residual nitrite of 52.5 ppm for his calculations of human intake of nitrite. The data he quoted for franks had a range of O-195 ppm. It is quite obvious, therefore, that during the past 20 years a considerable decrease in residual nitrite in cured meats has occurred in the USA.
NITRIC OXIDE
One of the most active research areas in biological science, at present, is elucidation of the crucial and beneficial effects of nitric oxide in the human body (Culotta & Koshland, 1992; Feldman et al., 1993) . Nitric oxide has been discovered to be a biological messenger important in the physiological functions of neurotransmission, blood clotting, blood pressure control, and in the immune system's ability to kill tumor cells and intracellular parasites.
It is now known that even though microorganisms can generate NO by reduction of nitrite or oxidation of ammonia the synthesis of NO is quite different in mammals where Nitric Oxide Synthase catalyzes the stepwise oxidation of the amino acid l-arginine to NO and I-citrulline. Stamler et al. (1992) 
EPIDEMIOLOGICAL STUDIES
Epidemiological results should be studied carefully because they may hold the key to answering some critical questions. However, such studies often result in dispute because one side concentrates on a potential and critical link between a result and identified causative factor while an opposing viewpoint points out all the other potential factors which have not been controlled. Sarasua and Savitz (1994) studied the consumption of cured and broiled meat in relation to childhood cancer. Their analysis of results suggested that maternal consumption of cured and charcoal-broiled meats during pregnancy generally was not associated with an increased risk of childhood cancer; the exception to this was that hot-dog consumption was found to be associated with brain tumor risk. They also found that the associations between childhood meat consumption and cancer were stronger and more consistent than those seen in the maternal diet analysis. Acute lymphocytic leukemia was associated most strongly with consumption of hamburger. Brain tumors showed positive associations with childhood consumption of ham, bacon, and sausage, and hot dogs. The authors concluded that cured and charcoal broiled meats may be linked to childhood cancer, and that the subject, especially the observation about hot dog consumption by mothers and children, should be studied and evaluated further. Peters et al. (1994) studied the relation between the intake of certain food items, thought to be precursors or inhibitors of N-nitroso compounds, and the risk of leukemia in a case-control study among children from birth to 10 years in Los Angeles County, California. The food items of interest were: breakfast meats (bacon, sausage, ham); luncheon meats (salami, pastrami, lunch meat, corned beef, bologna); hot dogs; oranges and orange juice; and grapefruit and grapefruit juice. The only persistent associations were for children's intake of hot dogs and risk of leukemia. There was no evidence that fruit intake provided protection. Bunin et al. (1994) reported a case-control study of maternal diet during pregnancy and risk of childhood brain tumor (astrocytoma).
A trend was observed for consumption of cured meats, which contain preformed nitrosamine and their precursors. However, the authors did not observe strong trends for nitrosamine, nitrite, nitrate, vitamin C or vitamin E. They did observe that interpretation of the results was difficult because the effect of several dietary factors differed by family income level. They concluded the results of the study provided limited support for the nitrosamine hypothesis (that N-nitroso compounds and their precursors, nitrite and nitrate, are risk factors and vitamins C and E, which inhibit N-nitroso formation, are protective factors for brain tumors).
Two follow-up letters have expanded on the previous studies, in an attempt to provide some further explanation (Preston-Martin & Lijinsky, 1994; Bunin, 1994) . The thought has emerged that nitrite from cured meats, rather than total nitrite, is important.
Nitrosamides are more important than nitrosamine for nervous system tumors. Finally, since vitamins C and E can block formation of N-nitroso compounds, it is important to learn more about this in humans. Mirvish et al. (1995) reported recently on the use of the N-nitrosoproline (NPRO) test to measure the potential for intragastric formation of carcinogenic nitrosamine in humans.
Higher doses of nitrate produced more NPRO, and ascorbic acid inhibited NPRO formation.
CONCLUSIONS
The consuming public has become much more aware of, and concerned about, food safety issues associated with meat consumption, and these may be divided into two broad categories: 1.
2.
food borne illnesses which are primarily of microbiological origin; and more long-term effects reputedly associated with dietary consumption patterns, and the possible presence of low levels of various additives or contaminants.
The interrelationships of cured meat, residual nitrite, N-nitroso compounds and cancer was studied thoroughly during the decade of the 1970s. On balance it was concluded that there is little or no risk to humans from normal consumption patterns of cured meats. Recent changes by the industry, in response to consumer demands, have resulted in a new generation of products.
The major change has been a reduction in the fat content, in some cases to extremely low levels.
Recent epidemiological studies have reopened the question about a possible link between cured meat consumption and cancer, especially in children. However, analytical studies of modern cured meat have revealed a much lower residual nitrite as compared to twenty years ago (about l/5 as much).
